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The pyrpose of this study was to adapt and illustrate the use of a
cumputer pregram to score binary patterns of response on a short-
form predictor test (Electronics Technician Selection Test and the
General Classification Test) so as t0 maximize the correlation
between this predictor and a criterion (the final school grade in the

Basic Electronics and Flectricity School).
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1. INTRODUCTION

The Navy has been very much interested in recent years in the
possibility of using short-form tests to recuce testing time while
maintaining or even increasing test reliability and validity.

The advantages of a short-form test are manifold. With a
short but reliable and valid test the Navy could save thousands of
dollars in training costs by weeding out, before training even began,
those individuals who would probably not succeed. The administration
of the test could be done at a training command, e.g., Naval Training
Center, San Diego, Bainbridge, etc., or even by a recruiter. For
example, if an individual desires to be a radioman and talks to a
recruiter about joining the Navy only if accepted for radioman training,
it would be advantageous for both the service and that individual if &
brief test of possibly five to seven minutes' duration could be admin-

istered, graded and evaluated on the spot against the individual's
desires for such a I;Jevy career. With this brief test both the Navy
and the poten_tial recruit would khow, in a relatively short period

of time, vhether the man would succeed in radioman training,
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11, BACKGROUND .

Moocnan (Ref. 1) pioneered this type of work for the Navy by

’ constructing a computer program having the capability of identifying %s
. 2

combinations of test items that have maximal validity. This program, ‘ %

entitled SEQUIN (an acronym for Sequential Item Nominator) first : %

selects an item that has highest validity with the criterion. The pro- i %i

gram then continues to select another item whicl, when.combined Zg

with the first, produces a two-item test with a higher validity than i%

any other two-item test that includes the first item. This process g g

continves until the required number of items is selected and the %

‘ maximum validity tor this number of items is obtained. The advan- :%
3

7
fat

ﬁﬁ

- tage of such a program is that a fairly loug test, such as the General

41"\(;{2‘ “g’ it

Ciassification Test (GCT), might be shortened without sacrificing

“,
s

B

validity while test time might be significandy reduced.

SEQUIN has shown, repeatedly, that a short-form test is at

o

£

,’1:.}, ‘{9’ S:E. .,’:.,"

least as predictive of final school grade as its long-form cnunterpart

(Ref. 2). Swanson and Rimland {(Ref. 3) have found that a short form

; ik

oi the GCT, e.g. on=-hali 1o one-third of the original length, is even

A

2

s

23

moze predictive of recruit final achievement (RFAT) than the complete

form.
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Ifl. THE PROBLEM

This study attempts to increase further the predictive validay

of an already brief test. The method, developed by Dr. R. A.

Weitzman of the Naval Posigraduate School, Monteray, California,

b A b

Mg

is to wright item responses so as to maximize the co.reladon with the

criterion,

On an n-item test where each question is graded to be either

(s W ‘;ﬁ%;&’&ﬂg

correct or incorrect, there are 21 different possible patterns of

correct and incorrect responses. Thus, for example, on a five-item

test there are 32 possible patterr scores as opposed o six possible

Ve e "
“l?l %Wﬁ" s ;&» ¥ ’M

N

i
‘ 1.;_%\

scores if just the number of correct responses were tallied.

For example, suppose a three question test is given to a grouvp
of recruits in an attempt to predict their success in a Navy waming
school. These are eight (23) combinations of patterns running from
090 10 111 {where zcros are incorrect responses an? cnes are correct).

A subject having a pattern of 101 has the samhe nunber correct as

another subject with the pattern 110, that is, two out of three,

However, the first individual's score might be more predictive of

A2

;{

W
i

b

success it a particular training school than the second subject's

i

P

binary pattern.

G

]

This study will focus on four different tests or test scores,

n

defined as follows:

) gyu:‘.\'n
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1. Prcdictor - the predictor is a long-~form test used for

s

predicting success in a Navy training schocl. In this study, the

4

predictor is th~ Electronics Tachnician Selection Test or the General

Classificaticn Test. Scores on the predictor are determined Ly

bR it STt

counting the items answered ¢ rrectly.

2, Criterion - the final school grade in the Basic Eltvctronics
and Flectricity School.

3. Total Correct - the total number of correct responses out
of the seven questions selected by HEQUIN analysis for this study. ,

4. Pattern Scor~ - a special score assigned t¢ each nattern of

respanscs on the same seven items used © compute total correct.

(A precise definiusn of patiern scores will be given in Section VE.)

Thus, tne purpose of this study was to:

wé ;

1. Gather large pools of daia from a Navy training schooi,

btz rpebhetne bbb sdtibidaont vu

e

2. Extract several suitable questions from: the General Classi-

X

'

fication Test (GCT) and ithe Flectyonic Technician Selection Test

(ETST),

R NS

3. Write % computer program that :

a. constructs all possible patterns of ones and zeros for

the numbser of extracted questions

Fbse e e s SR AGRAM op 1 bl ps e oLy et

) \ b. calculates pattern scores for each individual pattern

w B

C. 23signs pastern scores to Judjects

d. correlates the pattern scores of the subjects wit

their final school grades
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e. correlates the standard predictor test scores (either

¥

GCT or E"ST) with final scheol grades

et

{. correlates total correct, with final schooi

-

grades

B

I oy oo
AP

g. correlatespatternscore with total correct .

(S

3

n. calculates a muliiple correlation coefficient betwee~

e

i

a combination of pattern scores and total correct and

T s sy

R

final school grades

A

i. calculates test statistios for the correlations

i
e
f2h

j. calculates regression weights for predicting firal

]

school grades from total-correct scores ;

k. creates a frequency distribution showing number of

T

subjects with each pattern score

1. outputs all infor mation in an easy-to-read form for
usg in future studies
4. Determine those patterns indicative of success for a parti-
cular wraining school,

3. Test pattern- score predictions by suitable cross- validation.
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IV. DATA

»

All data used in this research were obtaired from Mr. Leonard
Swanson of the Naval Personnel and Training Research J.aboratory,
San Diego, California, aud were stored on nine- track magnetic tape
(Ref. 4). The data consisted of the individual records of approxi-
mately 2400 trainees who started, but not necessarily finished, the
Navy Basic Electronics and Eleciricity School in San Diego. FEach

trainze's record consistied of the equivalent of six-computer card

reco;'ds listing such information as:
1. Responses to items on the GCT, ETS., and Arithmetic
Aptitude Test (AR1)
. Scores on the GCT, ARI, and ETST
. Navy servi~e number

. Enlisted rating

LA T S/

. Final school graae in Basic Flectronics and Electricity
School
| Tests used as predictors included the GCT and ETST. The GCT
consists of 60 verbal analogies and 40 sentence-completion items
_— with a 35-minute time limit. The ETST consists of three separately
tinied sections: math wiih 20 items and a 25-minute time limit

science with 20 items and a 15-m: 'ute time limit; and electricity and

radio with 30 items and a 20- minute time iimit (Ref. 5).




Two sets of questions were provided by Mr. Swanson along
with their answer keys. The first set of questions, consisting of
seven GCT items, and the second set, consisting of seven ETST

items, were selected using the SEQUIN program, The p-vaiues,

question types and item validities are shown in Appendixes A anc B.

s S

The criterion consisted of final school grades in the Basic

"

e

Electronics and Electricity School.

i

A. DATA PREPARATION

Two programs were writien to extract and put into usable forms

all pertinent data for the study. (A glossary of terms used in all

programs is contained in Appendix L.) The first program checked

for coxﬁpleteness of an individual's record, i.e., the presence of six
computer-card images, and rejected those subjects whose files were
deficient. unfortunately several records contained special characters,
e.g.. dashes, asterisks, etc., instead of irtegers. Therefore, the
first data preparation program converted any of these special
characters to zeros. Thus, a response other than an integer from one
to five was changed t a zero and counted as an incorrect response.

If a needed s‘core such as the GCT, ETST or final school grade was
blank or contained sorn:e non-pumerical mark, the record for that
individual was rejected as being incomplete. (It is possible that some
of those incomplzte records resulted from subjects not finishing the

school, i.e., being required to leave the service because of physical,




emotional, or academic problems.) The output from this program was

written on tape or data cell and on paper.

Appendix C is the flowchart of this fire: program. Appendix D
is the program listing.

Although a subject's record consisted of six computer-card
records, most information was superfluous. Of the six cards, data
from three, at most, were considered. Using the answer key supplied
by Mr. Swanson, the second program graded, on different occasions
those EIST or GCT questions under consideration. Specifically, it
‘as<igned a valuec of one 1o a correct responss and a value of zero to
an incorrect response. By assigning ones and zeros te the responses,
the binary pattern was formed. The program also read the criterion
score and the predictor score.

The output from this second program consisted of:

1. binary pattern

2. criterion score

3. predictor score

_ 4. anin-house identification number

5. tne subject’'s service number

Appendix E is the flowchart for this second prcgram. Appendix F is

the program listing.
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V. THE MODEL

The main program is divided into several distinct sections:
reading of data, determination of a joint frequency distribution,
computation of pattern scores, assignment of pattern scores to sub-
jects, computation of correlation coefficients (x’s), computation of
test statistics for r diiferences, construction of response patterns,
ordering of response patterns according to the scores computed for

them, calculation of a multiple correlation coefficient, calculation of

the correlation coefficient between patier.. scores and toial correct

construction of a frequency distribution showing the number
oi people with each pattern score, and output (printed ard
) punched).

A complete listing of the program is presented in Appendix G.

A. DOUBLE PRECISION REQUIREMENT
_ Because of the large sample sizes and the relatvely large
magnitude o several pafameters, it was neccsoary to usé double

precision floating point numbers.

. B. THE DATA CARD :
The data card initalizes four variables that are frequently used 5 %
in counting lcops (DO loops). The variables, N1, N2, N3, and M4, %

2

represent, respectively, the numler of people in the sample, number
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of elements in a pattern, the range of criterion scores, and the

number of possible binary combinations using N2 items (2N2).

- C. READING THE DATA

Data is read in only a prescribed format. For this program,
the individual's data record card is set up as shown in Table 1.

There sre two read statements. One read statement carries
out the reading of data that is to be used in the computations of the
programx. The other road statement reads a dummy variable, "IDUM. "
By placing the read statement involving 1DUM before or following the
main read statcraent (involving bhary pattern, criterion, predictor,
etc.), control over alternate selections of data can be attained. For
example, if odd numbered data were anly to be considered, the read

statement involving IDUM would follow the main read statement thus

-4
£
=
=
£
=
&
g
]
%ﬁ
:

acting as a dummy procedure to control data input. Note that all

input data is in FORTRAN " I format.”

AR by

The variable "J" is used as the DO LOOP counter involving

G

cpmt

I8

éersonnel with only one exception. That exception is in the determi-
nation of the joint frequéncy distribudon. An "I" DO LOOP is used
for all other i:ounting operations.

At this point, the total correct out of the extracted questions
is calculated. The "E" array stores this information. This array is
used in the calculation of the sum of total correct for all subjects and
‘the sum of the squares of total correct for all subjects. This infor-

tnation is later used in the computation of correlation coefficients

18
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TABLE 1

RECORD DATA CARD SETUP FOR

VALIDATION AND CROSS-VALIDATION PROGRAMS

Column Number

Item

Program Symbol

1-7 Subject’s binary P )
pattern
8,¢ Criterion Score C(J)
10,11 Predictor Ay -
(Score on ETST)
12-15 In-house ident. D()

number
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and the mean and standard deviation for use in the calculation of a

test- retest correlation coefficient.

D.  THE JOINT FREQUENCY DISTRIBUTION

A joint frequency disiribution is constructed using decimal
equivalents of the 2N2 binary patterns and the range of criterion
scores. The rows of the matrix (denoted by matrix variable F)
represent the decimal equivalents of the binary patterns, and in this
case there are 128 (27) binary patterns (the reason for using seven
questions is expleined in the METHODS section). Hewever, the lowest

binary pattern score (0000000) is also equal to the decimal value zero.

Therefore, a value of one is added to all decimal equivalents, In
this way the first row is row orc, not zero, and the last row is row

128.

The coiumn numbers correspord to successive criterion scores.

Column one of the matrix corresvonds te the subjects’ lowest crite-

rion score. 1In this case, the lowest criterion score was 30 and the
higest was 99. The matrix is represented in Figure 1.
" The "B" array is used to store the decimal equivalent of an

individual's binary pattern.

E. COMPUTATION OF PATTERN SCORES
The pattern score for a pattern is the average score of subjects
who have the pattern and is calculated from the F matrix by tallying

the number of subjects having the pattern and each criterion score.
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Figurc 1

CONSTRUCTION OF A MATRIX DESCRIBING THE
JOINT FREQUENCY DISTRIBUTION

Columns**
(30) (99)
1 69

Rows*

*Row numbers are decimal equivalents of binary patterns plus one.
**Column numbers are criterion scores plus one minus the lowest
criterion score. Numbers in parentheses are actual criterion

scores.
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This number is multiplied by the criterion score and summed, and
the sum, S1, is divided by the total number of subjects having the
pattern, S2,

If any of the 128 pattérns is not used, becausec no one has the
pattzrn, both S1 and S2 are set equal to zero, and an arbitrary
score of -1 is assigned to the pattern.

Immediately following the computation of all pattern scores,
the scores ave outputted on punched carus. The pattern scores

obtained in this study are presented in Appendix H.
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F. ASSIGNMENT OF PATTERN SCORE TO SUBJECTS

A subject’s decimal equivalent to his binary pattern is deter-
mined, and he is assigned the pattexrn score for that decimai
equivalent (the row index corresponding to i e pattern in the F

matrix).

G. COMPUTATION OF CORRELATIONS

Correlationcoefficients are then calculated between the
criterion and the predictor (GCT or ETST) and between the criterion

and the assigned pattern scores.

The sums of criterion scores (Cl), pattern scores (X1), and

; predictor scores (Al) are deterinined along with the corresponding

it o b

g

E

2 sums of squares (C2, X2, A2). The sum of the products of the
criterion and predicor scores (V), as well as the criterion and pattern

scores (W), is also determined. The correlation coefficients for




SRioessoatac 4
= *“”*’-‘"‘E%i%% RS '—%“”:?}“\

pattern vs. criterion (R2) and predictor vs. criterion (R1) are then
calculated. The Z test statistic for the difference between these r's
is also calcuiated.

Three other correlation coefficients are computed later in the
program: a multiple correlatiion coefficient (see 1 below), the
correlation coefficient between total-correct and pattern scores, and
a test-retest correlation coefficient used as an estimate of the

reliability of total correct scores on the predictor.

- H. CONSTRUCTION.OF RESPONSE PATTERNS
Since there are 128.(27) different patterns of responses ranging

from 0009000 to 1111111, the computer is assigned the otherwise

A difficulty encountered is that leading zeros of various binary
patterns, eltwough stored without incident in the machine, are lost
upon printing. Because of this, all zeros in the binary patterns are
converted to twos. This fact is noted on the printed outpﬁt (Appendix

H).

L MULTIPLE CORRELATION COEFFICIENT

The multiple ocrrelation coefficient indicates the strength of
relationship between one variable and a linear combination of wo or
riore others that produces the strongest relationship. Since different
predictor variables are sometimes intercorrelated and so duplicate

one another, the multiple correlation ccefficient depends on the

tedious and difficult job of consiructing and outputting these patterns.
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intercorrelation of different predictor variables as well as on the
correlation of each with the criterion variable (Ref. 6).
Specifically, the multiple correlation between criterion scores
and a combination of pattern scores and total-correct scores is
computed. |
Since the coefficient of multiple correlation consiclers the
inter-relationship between the predictor variables, it should have,

theoretically, a greater value than the correlation between either

predictor and final school grades 2lone.

The significance of the multiple r is next computed.using an F
statistic where F is the ratio of the variance of the residuals on the

criterion before considering the multiple correlation coefficient and

the variance of the residuals aftexr consideration.

] COMPUTATION OF REGRESSION WEIGHTS
Since there is a possibiiity that some binary patterns will not
be used (i.e., there may be some binary patterns no one has because
the sample size is’ sm.an in relation to the number of binary combi-
: nations), itis conceive;ble that an individual in the cross-validation

group might have a patiern that no one in the validation group

R AR

-
M

has. Correspondingly, regression weights are computed from the
relation batween total-correct and criterion scores in the validation

group that are to be used as input in the cross-validation study to

372 RREVRE I

determine scores foxr individuals havirg pattern scores equal to -1.
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K. OUTPUTSIANDII

The pattern responses are then sorted according to pattern
score from the lowest (=1} to the highest (73. 66) and, in conjunction
with the pattern score and total correct of that binary pattern, are
printed out in tabular form. The table and results thus obtained are
shown in Appendix H as Outpur L ‘

Next, tables are prepared listing the subject’'s in-house identi-.
fication, his _predictor.:.cern_ his final school grade (criterion score),
the pattern score associated with ﬁis binary pattern, and, finally,

the total correct scored out of the seven questions. A sample showing

the first 50 subjec's is pfésented in-Apperdix 1 as Output 11.

L. ADDITIONAL OUTPUT

All correlations »nd test statistics computed during the

.;-;-r- ] ‘4” “ v
L P!

R VT

execution of the program are also printed. These results are pre-

sented and discussed in the RESULTS section.
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V1. CROSS-VALIDZ/.TION

Cross-validation is a method used to estimate the magnitude P

of sampling variation. In cross-validation, results are obtained :
- ¥

R it BB
S R X

from a second sample of people for comparison with the results of

o

an inidal sample. If the results obtained frcin the second sampie
confirm the results of the first the results are eaid o hold up under
cross- validation.

In addition ro the validation or niain program, described in the

preceding section, this study makes use of a cross-validation program,

whnich is essentially a portion of the main program. Itdiffers in that

L R

pattern score and regression weights derived from the previous

BN SN of S0 2 AU AR IR Rkt

7 program are read inwith new subjects’ personal data and that paueras
- ] are not constructed, pattern scores are not calculated, and there is
no need for 2 joint frequency distribution. The program listing for

the cross- validation is presented in Appendix ].

. s .
Pl o

As can be seen from Appendix H, there are fourteen binary
;’: patterns that were not used by the validation group in the ETST study.
- " Therefore, the cross-validation program has to determine if a subject
’ hag a pattern that was not used in the validation program and, if he

has, it must assign him a score using the regression weights deter-

mined from the validation group and his totai-correct score.
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A.  ASSIGNMENT OF PATTERN SCORES

Various other methods of assigning pattern scores to patterns
that no individual in the validation group has were attempted. These
methods included: using the average patteri. score derived from the
main program, weighting more heavily 1hose patterns appearing
more frequenty than those appearing less frequenty, ignoring a
subject in the cross-validation who-had a pattern no one had in the
validation group (with adjusnhent of corresponding variables, e.g.,
sample size), and finally using the regression weights.

With only one exception, that of using the regression weights,
all methods of attack failed. All pattern-score validities were |
significantly lowered in all the other cases. (The reason for the
abrupt drop in pattern-score correlation coefficients in the cross-
validation is discussed in the RESULTS section.)

Using the regression weights, however, pattern score validi-
ties maintained a maximum, Scores were obtained by adding the
product of total correct and the slope regression weight to the
regressed mean.

Inputs for the cross-validation consisted of the same information
as noted in the main program plus the regression weights aad the
pattern scores from the main progi‘am.

The tabular results for the first fifty subjects (even numbers

only) is presented in Appendix K as Qutput Iil.
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VII. METHOD

The validation and cross-validation programs were first used
on GCT data. Not only was the GCT data analyzed, but it also
served, at the beginning of the research effort, as a test platform for
debugging the validation and cross-validation computer programs.

The study concentrated on the ETST data, however.

A. PRELIMINARY STUDIES
GCT data were used in f)rclimiuary studies. Use of GCT data
as a predictor, as criginally planned, was unsatisfactory because
the GCT was not designed as a predictor oi success in a training
) school and, of the seven questions considered in the study, approxi-
mately one-third of the sample subjects had all correct, which is
hardly an indication of predictive validity.

The first step in the study was the determination of the sample
size to be used in the validation and cross-valididation programs.
Since the total number <')f possibie combinatdons of ones and zeros

was 128 (27), it was decided that an appropriate sample size in the

main program would be 2,000. This would result in the theoretical

- ] utilization of 15-16 subjects per binary pattern:

2,000 subjects _
128 patierns ~

15.7
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The remaining subjects in the sample (379) would then be used in
cross-validation studies.

Table 11 summarizes the results of this first effort. As can be
seen from these results, the greatest validity for the validation
(main) group was obtained from the predictor vs. criteriou scores
(r = 0.51). However, the relationship between the pattern and
criterion scores was only 0. 44. Although lower than the predictor
validity  coefficient, it was still better than the r for total correct
(0. 37). The high absolute values of the test statistics indicate that
all the differences were significant.

The cross validation tells essentially the same story. The
validities for the pattern and total correct were very

nearly the same as in the validation program. However, the validity

for the patterns fell short of its counterpart in the validation program

(rxval = - 34 vs. ryj] = .44). This phenomenon resulted from the

weighting of item responses which maximized the correlation with
“the criterion, i.e,, minimized the error of prediction, thereby
capitalizing on chance in the validation group. The fact that chance
played an important role in the validation program was further
illustrated by one subject who had a binary pattern with four ones,
i.e., four out of seven correct, but who also had the highest of all
pattern scores.

Another explanation for the substantial reduction in pattern

vs. criterion validities is that the mean pattern score was used for




GAw =Y

R RIS N SRR SRR, e

o e — - -

;

TABLE 11 ;
CORRELATION COEFFICIENTS AND .
g TEST STATISTICS DERIVED FROM :
s THE GENERAL CLASSIFICATION :
E : M TEST ;
§ Main Cross
;; Validation
|
i r(pattern) 0.44 0.34
IR
; r(predicter) | 0.51 0.52
. z -2.72 -3.11
3 r{total ones) | 0. 37 0.36
: Z 2.74 -2

NOTE: 1. The first Z is for the difference between the pattern-

criterion and the predictor-criterion correlations. The second Z
is for the difference between pattern-criterion and total correct-

criterion correlations.

2. The sample size in the main study was 2, 000 subjects

while the sample size in the cross-validation study was 379 subjects.
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individuals in the cross-validation group who had patterns no one had

in the validation group.

B.  ASSIGNMENT OF PATTERN SCORES

Because of the discrepancies in pattern- score validities for
both the validation and cross-validation programs, the problem of‘
assigning a valid pattern score to an individual who, in the cross-
validation process, had a pattern no one had in the main validaiion
arose, Therefore, the several approaches mentioned earlier were
formulated and attempted.

1, The First Soiudon

The first of these proposed solutions involved the use of

weights proportional to the number of subjects having a pattern.

The weights were to be calculated, along with Jie pattern scores,

in the main program and outputted on punched cards. The theory
behind this solution was that if a binary pattern appeared very
frequently it should have been counted more heavily in the cross-
validation than those patterns appearing less frequendy. Once again,
considering the subject who had the highest pattern score with only
four correct,- it would appear logical that that person was not typical
and should not have been counted equally as others. That is, would
it have been valid to give his score the same weight as a score

that was 25 per cent more prevalent? If both scores receive equal

weight, distortion of the validities must certainly occur. Unforwnately,

a suitable method of computing and applying such weights was not found.

31
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2. The 3econd Solution .

The second solution was to reduce the number of questions
used in the study from seven to six. With only six questions the
number of binary combinations would have been significantly reduced
(from 128 to 04) resulting in the utilization of more binary patterns.
It was hoped, in fact, that all binary patterns would have been used.
Thus, when going into the cross-validation phase all patterns would
have had pattern scores and the need for generating pattern- score
substitutex in the cross-validation could have been eliminated. -
However, e7en with consideration of only six questions (64 combina-
tions of ones and zeros), eight binary patterns were not used.
Furthermore, the magnitudes of the correlation coefficients decreased
markedly. Therefore, this approach was eliminated.

3. The Third Solution

The third solution called for the elimiration of those
subjects in the créss-validation who had a binary pattern no one
kad in the valication study. The theory behind this solution was, in
esscnce, to eliminate the problem by pretending it wasn't there.
This solution was not suitable for apparent reasons. For a test to
be valid in a rea} environment, vis a vis a laboratory environment,
it nuist consider all contingencies.

4, The Final Solurion

It was finally decided to calculate regression weights and

use these in assigning pattern scores to subjects in the cross-valida-

ticn who had patterns nc one had in the ;nain program.
32
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C. READ INOF ALTERNATE DATA

The possibility of sample bias was also considered, e.g.,

‘f . predictor or criterion scores of the entire sample could have been
? placed in . order of increasing or decreasing magnitude. Therefore,
1 it was decided 1o split the sample in half; the first half to be use.

3 in the validation program and the second half in the cross-validation
, program. The main or validation program was then desigued to

read the records of every alterniate subject, e.g., every odd-

TR S O

(1

numbered subject, and make appropriate calculations from those

N i

data. The cross-validation also read every alternate

but complementaryv record. Thus, for example, if the main program

read every odd record, the cross-validation progran correspondingly
read every even record. Unfortunately, however, splitting the
sample this way resulted in a drop in " the number of

subjects per binary pattern from fiftcen to approximately nine,

D. THE ETST STUDY
After solving'the problem of assigning pattern scores to
subjécts in the cross-validation study, the research focused on 2|
utilization of the ETST as the predictor. .
Data preparation followed the same procedures as those
noted in the d‘ata-preparation section of this thesis.

In addition to the tables and correlation coefficients computed

in the validation and cross-validation processes, the programs also

outputted the sum of total correct and the sum of the squares of

3 abe e L e S Lt o




total correct for all subjects. This was used in.the computation of
' the mean and variance for total correct (total ones). The reason

for these calculations was to determine the test-retest correlation

coefficient.

) 1. Test-Retest Reliability Coefficient

The test-retest reliability coefficient, as described by

Weitzman (Ref. 7), is an estimate of the correlation between identical

versions of a test taken by the same persons in independent trials.

For a test with n-items and a-alternatives, this estimate is:

= rie=1-n-M
aSZ” (1)

where M aad S are the mean and standard deviation, respcectively.

. This estimate of the test-retest reliability coefficient
c3n be used in the determination of the correction for attenuation.

2. Correction for Attenuation

Because correlation results are obtained from fallible
measurements, errors tend to reduce or attenuate the correlation
between traits. Using the formula for correction for attenuation, it

is possible to estimzate what the correlation would be if perfect,

errorless measurements were available (Ref. 8). Correlation
coefficients that are corrected for attenuation cannot be used in pre-..
diction equations but can be used when analyzing relationships to
. make allowances for random errors of measurement.
Using the test-retest correlation coefficient computed for

.

the predictor, it is possible to calculate the vaiidity of the predictor

34
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corrected for attenuation. The value obtained from the following
formula is the theoretical correlation coefficient if the predictor

were error-free:

I
rmc=_£§

AT py

(2)

The correlation coefficient rps is the measured val*dity between
the predictor and criterion, and rpy is the test-retest reliability
described in the previous section. A comparison between the
validity coefficient (rPC) and the validity coefficient corrected for
attenuation (ry,, ) was used as an indication of how close this study
came to the theoretical limit of validity for the predictor. Specifi-

cally, (total correct vs. final school grade) was compared to

T
PC
the corresponding correlation coefficient corrected for attenuation.
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VIII. RESULTS

A. DETERMINATION OF LINEARITY
A product-moment correlation coefficient is good only if a

lirear relationship exists between the —ariables tha: are being corre-

lated. Figures 2 and 3 are scatter diagrams which were used to
determine if a linear relationship existed between total correct out
of seven and final school grade and the full ETST score and the
final school grade. Note that almost all the points can be eaclosed
in an oval which goes from the lower left to the upper right, there-

fore indicating linearity (Ref. 9).

B. CORRELATION COEFFICIENTS AND TEST STATISTICS

W‘F ot hoxior]
T,

Table 111 liccs the values for all test statistics and correlation

gut Lhiom

coefficicnts.

RO Tm-.m-"q“

As can be seen from that takle, the value of rparern score

decreases from Q. ’}6 in the validation program to 0.72 in the
croés— validation program, the reduction due to maximization of
chance in the main program. The computation of the multiple
correlation coefficient was desired to see if pattern scores add to
the predictive ability of total-correct scores. The

multiple correlation coefficient did not increase the value of

Total correct thus indicating no additional predictve ability. The
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TABLE 111

CORRELATION COEFFICIENTS AND
TEST STATISTICS DERIVED FROM
THE ELECTRONICS TECHNICIAN

SELECTION TEST
) Cross-
Main Validation

r(pattern score) |0.76 0.72
r(predictor) 0.61 0.60
A 7.13 4.93
r(total correct) |0.72 . 0.73
Z 2.26 -.54
r(pattern score/

total correct) ;0.95 0.935
r(multple) 0.76 0.73
F 176. 36 15.38
r{test-retest) 0.73
Correcr.on for
Attenuatior Q.83

NOTE: 1. The first Z is for the difference hetween the pattern-
cxiterion and the predictor-criterion correlations. The second Z

is for the differcnce between pattern-criterion and totzl correct-

criterion correlations.

2. The sample sizes in both the main and cross-validaticn

studies was.1,182 subjects.
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large value of F indicates that the total-correct scores contributed
significantdy to the predictive ability of the pattern scores,

: however,

The high value of the correlation coefficient between pattern

RN

scores and total-correct scores indicated that the seven items used

el

in the study constituted a very valid test and thai the total correct
could be used as a predictor that is as good as the pattern scores

for these items,

>

The correction for attenuation revealed that the highest validiy,
theoretically obtainable by improving ¢ reliability of the seven-

item predictor was 0.85, The value actually cbiained, 0.73, was

equal to the test-retest reliability of the test. Since it is not reason-~
able to expect that a test will correlate more highly with another
test that it does with irself, it is no wonder that the pattern scores

did not correlate beiter with the criterion thaa the total-correct did.

ORI TINS5 st BN RS

Iy
T’

A A R 5l

A

=y

L

N R e e R e S

R SRS s LT o e T
- SARy R e T e T T Y R e T e ———
L R T S e L e e A T NV




IX. CONCLUSION

The twwo FORTRAH computer programs developed in this
study successfully determined and correlated pattern scores with
the criterion. However, the questions extracted from the ETST
were so highly valid that they could have been used alone, i.e., -
without pattern scoring, as predictors of success in the Basic
Electronics and Flectricity School.
It would be interesting to continue itiis study using biographical
information, not ordinarily quantifiable, instead of extracts from
‘Current examinations. Biographical questions cai1cfilly constructed
and easily verifiable could ke used in predicting behavior, and pattern
scoring: is a method thét can be used to quantify responses to these
gquesticns. Responses quantified by pattern scoring, in fact, will

show the highest possible correlations with predicted behavior.
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APPENDIX A

The Seven Best GCT Items Selected by SEQUIN

43) (2) ) (2) ©)
Form 7 Item Recruit Median Median
Item Type p Velue School School
Number _ p Value Validity
13 A .77 .88 .22
19 SC .60 .78 .20
31 A .75 .85 .20
55 A .41 .49 .24
62 SC .60 .69 .26
67 SC .80 .87 .26
94 SC .95 .78 . 30-

NOTE: 1. Values in Columns (4) and (3) are based on item data

only for schools in which that item was selected in Program SEQUIN.

2. A = analogies; SC = sentence completion item.
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APPENDIX B

The Seven Best ETST Items Selected by SEQUIN

Question Item Recruit Median School Median
Numbey Type* P-Value P-Value School Validity
3 M .57 .71 .34 P
11 M .38 .58 .44
13 M .58 .69 .32 F
22 S .57 .77 o4
40 s .21 .37 .40
' 41 E .31 .39 .26
. S0 E .25 .31 .28
* M = Math; S = Science; E = Electricity or Radio
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APPENDIX E
SECOKRD DATA PREPARATION PROGRAM
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COMPUTE RAKGE
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CORRECT ETST QUESTIONS .
ASSICH 1 TO CORRECT RESPONSE
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V

SINARY PATTZRN, PREDICTOR SGORE,
- CRITERION SLOAM. IN~HOUSE I.D.,
NAVY SERVICE HUIBER
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Cross-Validation Listing
(Continued)

(X1*X1}
%45

3

HRITE(64213) R7 32

c213 FORMAT('0', 'R{PATTERN SCORE/TOTAL ONES) EQUALS®,F6.3) j 3

. C {5

C RMUL IS THE MULTIPLE CCRRFLATION COEFFICIENT Y3

g TGO BE USED IN THE CETERMINATION OF 'Fs, |

c &

RMUL=( (R2¥**2)+ (R1STAR%¥*2)-2%(R2¥R1STAR*R7) ) /{ 1-R7#%2) Vé

RMUL =RMULY %,5 -3

FE=((RMULE %21 = (RISTAR®*2) 1% (N1-3)/ (1—(RMUL#%2)) 2

WRITE(64,417) RiMUL,FF (2

417 FORMAT('O! 4*R(MULT. CCRREL. COEF.) EQUALS'+4XsFb6o4e//y 2

1'_FF EQUALS',F8.4) -2

ST0P 13

END N

//GO.FTC6F001 DD SPACE=(CYL,{5,1)) e

7/GO.FYO7FC0]1 CD SYSOUT=B - .

7/GC.FT04F001 OD CaN=SO575.KPW3,UNIT=2321,VOL=SER=CELDO1, 2
//  DCB=(RECFM=FR,8LKSL2E=2000,LRECL=80),D1SP=(CLE,KEEP)

//7GC.SYSIN DD *
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APPENDIX L

: GLOSSARY OF
COMPUTER VARIABLES
- USED IN THESE PROGRAMS
: A(]) - jth subject's GCT scorc used as a predictor
‘ Al - sum of predictors
A2 - sum of squares of predictors
B(]) - jth subject's decimal value of his binary score :
C(J) - jth subject’s final school grade used as the criterion ¥
Cl - sum of the criterion scores
Cz - sum of squares of criterion score
IX]) - jth subject's identificaton number
E(]) - jth subject's total correct
F(,) - joint frequency distribution 1
G() binary pattern (Z replaced C in output)
H() total correct in a binary pattern : %
1Al - sum of total correct (total ones) CE
1A2 - sum of square of total correct (total ones) : “%
THI j §
- used in calculating range of criterion scores %
ILO &
IV - sum of C(J)*E()) .
IW( )- a column on a subject's record card §
KDNUM - card number ;%
{3
M - columw.in 'F martrix’' §
&
| 1‘§
P2
¥
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Glossary of Computer Variables Used in These Programs

(Continued) '
N - row in 'F martrix'
Nl - sample size
N2 - number of elements in the binary pattern
N3 - range of criterion scorcs
N4 - 2**N2; number of combinations of patterns of 1/0 with N2
) questions

P(,) - jth subject's pattern of ones/zeros

Rl - correlation coefficient between criterion/predictor
2nd time corelation coefficient between criterion/total correct

R2 - correlation coefficient between criterion/pattern
R3-5- Torrelation coefficients used in determining Rl and R2
R7 - correlation coefficients between pattern scores and total ones

RMUL - multiple correlation coefficient

S(I) - a pattern score associated with a particalar pattern

S1 - weighted sum of people with that pattern (weights being the
criterion scores)

S2 - number of péople with that pattern

V - sum of product of C(J)*A(])

W - sum of product of C(J)*X(])

W(1-7) - an array of questions being used in this study
X(]) - jth subject's pattern score
Xl - sum of pattern scores

X2 - sum-.of square of pattern score .,
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Glossary of Computer Variabies Used in These Programs
(Continued)

~ test statistic

- test statistic F distribution
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